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ABSTRACT 


The Double Delta antenna is an HF communication antenna which exists in many 
forms throughout military communication commands. Performance characteristics for 
existing designs are presently unknown and are required in order to recommend an op- 
timum design. 

This thesis investigates Double Delta antennas used by the US Army (lowband and 
highband), the US Air Force (lowband and highband), and a commercial model. Selected 
models are analyzed by a computer simulation method using the Numerical 
Electromagnetics Code (NEC). The antenna designs are investigated to determine op- 
timum performance characteristics over the 2 - 30 MHz range of frequencies. The pa- 
rameters calculated were input impedance, VSWR, and antenna gain radiation patterns. 
For the performance of the antennas when sited near lossy ground, the Sommerfeld 
method was employed. Finally the results of the evaluation are presented and recomm- 


endations are made. 
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I. INTRODUCTION 


A. BACKGROUND 

The double delta antenna is constructed from two crossed triangular loop antennas 
oriented at a certain angle to each other. In general, there are two types of loop anten- 
nas, a circular loop antenna and a polygonal loop antenna. By selecting an appropriate 
shape of loop antenna, broadband impedance characteristics can be expected. This an- 
tenna provides a radiation pattern with the major lobe perpendicular to the earth’s sur- 
face; therefore, it could be used to determine the height and the critical frequency of the 
ionospheric laver directly above a station. It 1s also useful for short-range 1onospheric 
HF communication. The most common double delta antenna is fed from the center of 
a horizontal wire (base-driven) and loaded at the top. There are many double delta an- 
tennas used for both military and commercial purposes. Throughout this thesis, the 


double delta antenna, along with its many characteristics, will be discussed. 


B. PROBLEM ENVIRONMENT 
This thesis investigates the Double Delta antenna used by the US Army (lowband 
and highband), the US Air Force (lowband and highband) and the ESI 32A2A, sold 
commercially. Performance characteristics for these models are required in order to 
obtain an optimum design. Therefore there is a need to study the characteristic param- 
eters of these antennas. 
1. Antenna Parameters 
a. Impedance 
The input impedance 1s described as the impedance (voltage to current ra- 
tio) presented by the antenna at its feed terminals. 


The input impedance can be defined as follows : 
Zin = Rin + Xin (1) 


Manere ; 
e Z,, is the antenna impedance at its terminals 
e , 1s the antenna resistance at its terminals 


e 1s the antenna reactance at its terminals 


The resistive part alone consists of two components : 


MINS 
e R is radiation resistance of the antenna 


e , 18 loss resistance of the antenna 


Radiation resistance R, represents power that leaves the antenna as radi- 
ation, while loss resistance R, represents power dissipation due to antenna structure 


losses. Input reactance, X, 


ny 


is related to relative power storage in the near field of the 
antenna. The antenna input impedance is very important in order to avoid losses when 
power is transfered from the system to the antenna or from the antenna to the system. 
The maximum transfer can be achieved if the antenna impedance “matches” the 
impedance of the system. Matching occurs when one impedance is the conjugate of 
another [Ref I]. 

b. Voltage Standing Wave Ratio (VSWR). 

If the system were operated with a poor match at the antenna there would 
be reflections set up along the transmission line. Therefore, the voltage standing wave 
ratio (VSWR) is much greater than one. In many applications the VSWR is not high, 
but an extremely low VSWR is also not a necessity. For example, a VSWR = 2 leads 
to $89 percent power transmission. On the other hand, if the VSWR is verv high, power 
wil travel back and forth along the transmission line, and, if the line is lossy and/or of 
long length, dissipative losses may be significant [Ref. 2]. 


VSWR can be related to impedances : 











(Raa 
(R, PRS 
Ci eee 
(Ry + Roy + X7 


Se 
VSIWVR= 


i 


Mileher 
e , 1s the antenna resistance 
e XX, 1s the antenna reactance 


e Rk, = Z, of the transmission line 


The percentage of reflected power can be related to VSWR using the 
equation : 


V SPER — 1) 
(VSIVR +1) 


mere) tS time percent reflected power j 
c. Average Power Gain 

Another useful parameter describing the performance of an antenna is gain. 
Measurements can provide efficiency of the antenna as well as its directional radiation 
capability. A common criteria applied to an antenna computer model 1s given by calcu- 
lating the average power gain. It is obtained by integrating the radiated power density 
to find the total radiated power, and then comparing that with the total input power at 
the feed points. The comparison will show equal values for a valid solution. The average 
power gain 1s a useful criteria for checking the accuracy of computing the input 
impedance for any computer model of a wire antenna. The average gain should equal | 
for an antenna in free space and equal 2 for an antenna over perfectly conducting 
ground; otherwise the model mav not be correct. Because the ideal value 1s not always 
reached in real-world applications, an acceptable tolerance is considered. For engineer- 


ing purposes, an average power gain within 10 percent of ideal is acceptable [Ref. 3]. 


C. SCOPE AND LIMITATION 
This thesis investigates the Double Delta antenna from the US Army (lowband and 
highband) and the USAF (lowband and highband), plus the commercially produced ES] 
32A2A. The first analysis conducted is the investigation of input impedance, VSWR, 
and radiation patterns. References for normalizing impedances of 50, 300 and 600 ohms 
were used to compute the input impedance and VSWR. Radiation patterns were com- 
puted for elevation and azimuth planes. The vertical gain elevation power pattern was 
computed for 91 points of @ at g equal 0 degrees and 91 points of @ at @ equal 90 de- 
grees. The horizontal gain azimuth power pattern was computed for 91 points of @ at 0 
equal 70, 50, 30, and 10 degrees respectively. 
Performance of these antennas over real ground conditions are also of interest for 
the following parameters : 
]. Poor ground conditions : 
¢ Relative dielectric constant of ground ¢, = 5 
¢ Conductivity of ground o = 10-3 mhos'm 


2. Fair ground (average ground) conditions : 


e Relative dielectric constant of ground e, = 12 

¢ Conductivity of ground ¢ = 5x 10-3 mhos/m 
3. Good ground conditions : 

* Relative dielectric constant of ground e, = 30 


¢ Conductivity of ground o = 10-? mhos/m 


Throughout this thesis, a special program called NEC - Numerical Electromagnetics 
Code - is used [Ref. 3]. Computations were done with a single precision version which 
was found to be sufficiently accurate. To accurately model wire antennas near lossy 
ground via NEC, the computationally intensive Sommerfeld method is required. Initial 
tests of the sensitivity of DD antennas to ground constants revealed the fact that very 
little variation in gain occurs (less than 1.5 dB) as ground conditions vary from poor to 
fair and from fair to good. Time and coniputer resource limitations justify the choice 
of one set of conditions - fair ground - for this investigation. 

This thesis devided into two volumes, Volume I and Volume II. Volume I presents 
the antennas Were investigated, method for investigation, and the results of investigation. 
Volume II contains Appendix C, the plots of input impedance, VSWR, and maximum 
gain versus frequency and plots of radiation patterns for each frequency for the anten- 


Nas: 


Il. ANALYSIS OF DOUBLE DELTA ANTENNAS 


A. DESCRIPTION 
1. The Army Lowband Double Delta Antenna 
Figure 1 shows the NEC wire model of the Army Lowband DD antenna from 

the Army Signal Corps publication TM 11-486-6. The antenna consists of two separate 
different size delta antennas, installed perpendicular to one another forming an 
assymmetric double delta. This antenna is designed for operation during the low- 
frequency portion of the nominal 11.1 year solar cycle, when the majority of the critical 
frequencies fall in the lower end of the HF band. The effective gain over the low- 
frequency end of the band is provided by increasing the antenna leg dimensions [Ref. 
4). The following parameters specifv the Army Lowband Double Delta antenna: 

1. Two long arms: 150 feet each 

feeisvO Ssiert arms > 65 feet each 

Peep Nceiglit. o> fect 

4. Top loading : 600 ohms 

eelanequeney 2 tO 6, .VIHz 


Omen Meleht = 5 feet 


The structure 1s fed at the center of the arms. The model is simulated over per- 
fectly conducting ground and fair ground using the Sommerfeld method. (This is true for 
all Double Deltas in this study). 

2. The Army Highband Double Delta Antenna 

Figure 2 shows the Army Highband Double Delta antenna from the Army Sig- 
nal Corps publication TM 11-486-6. The antenna consists of two identical delta anten- 
nas, installed perpendicular to each other forming a symmetric double delta antenna. 
The two delta antennas are identical, except for the terminating resistances. The re- 
ceiving delta antenna only requires a very low wattage resistor. The transmitting ter- 
mination must be capable of dissipating one half of the average power of the transmitter 
output. This antenna is installed for operation during the high-frequency portion of the 


solar cycle [Ref. 4]. The following specify the Army Highband Double Delta antenna : 
1. Four symmetric arms : 65 feet each 


Pop meicnts Oo fect 


THETA = 75.00 PHI = 75.00 ETA = 90.00 


Figure 1. The Army Lowband Double Delta Antenna from TM 11-486-6 


3. Top loading : 600 ohms 
4. Frequency : 8 to 30 MIIz 
3. Aran hereit 273 feet 


THETA = 60.00 PHI= 60.00 ETA = 90.00 


Figure 2. The Army Highband Double Delta Antenna from IM 11-486-6 


3. The Air Force Lowband Double Delta Antenna 
Figure 3 shows the NEC wire model of the Air Force Lowband DD antenna 


from the AFCS memo of April 8, 1979. The antenna consists of two identical delta an- 


tennas, installed at an angle of 60 degrees (and/or 120 degrees) to each other [Ref. 5]. 


The following parameters specify the Air Force Lowband Double Delta antenna : 
]. Four symmetric arms :100 feet each 
2, ep erent 3. tect 


3. Top loading : 600 ohms 


4s 


. Frequency : 2 to 8 MHz 


Nn 


SWAG erent pose et 


4. The Air Force Highband Double Delta Antenna 
Figure 4 shows the highband version of the Air Force Double Delta, and the 

similarity to the Air Force lowband model. The parameters are : 

), Four symmetre arms: 50 fceterch 

2, Vopdrerciit Souter. 
Top loading : 600 ohms 
4. Frequencies tom Ue itz 
Ain helohit se weet 


rr) 


Ca 


5. The ESI 32A2A Broadband DD Antenna 
Figure 5 depicts the ESI] 32A2A Broadband Double Delta antenna from 
Electrospace Systems Incorporated. The antenna consists of two separate delta anten- 
nas, installed at 60 degrees to each other. This antenna is tapered at four of the side 
angles. The wires are terminated at the apex in a resistive load equal to the wire’s char- 
acteristic impedance which ensures omnidirectional radiation patterns at an angle near 
the zenith [Ref. 6]. The specifications of the ESI 32A2A Broadband Double Delta an- 


Ube abe 


— 


. Four slanting symmetric arms : 75.08 feet each 
2. lop Reicht3 6.54 feet 

3. Top loading : 600 ohms 

4. Frequency : 2 to 30 MHz 


Bee coal ielabent 2 Vie laa 


B. COMPUTER MODELS 
The antennas were modeled on the IBM system 3033 main-frame computer by using 


the Numerical Electromagnetics Code (NEC). 


THETA = 60.00 PHI= 60.00 ETA = 90.00 


Figure 3. The Air Force Lowband DD Antenna from AFCS Memo 08 April, 1979 


The data sets which describe the structures and request computation of structure 
characteristics are arranged in files made up of card images (comment cards, geometry 
cards and control cards). Appendix B shows the data sets used in this study. The fol- 


lowing cards play a specific role in the cornputation analysis : 





THETA = 60.00 PHI= 75.00 ETA = 90.00 


Figure 4. The Air Force Highband DD Antenna from the AFCS Memo of 08 April, 
1979 


]. GN cards specify the relative dielectric constant and conductivity of the ground in 
the vicinity of the antenna. 


2. PL cards set flags for writing selected output data into a predesignated file for later 
plotting of the currents, near fields, patterns, impedance, admittance & VSWR. 


THETA = 60.00 PHI = 60.00 ETA = 90.00 





Figure 5. The ESI 32A2A Broadband DD Antenna from Electrospace Systems In- 


corporated. 


3. RP cards specify radiation pattern sampling parameters and cause program exe- 
cuuion. 


C. STUDY PARAMETERS 

Since the performance of an antenna is determined by its characteristic parameters, 
this study investigates the input impedance and VSWR. Radiation patterns are also 
valuable for evaluating the performance of an antenna and are investigated as well. 

The data sets for computer models of the Double Delta antennas described in Sec- 
tion A are given in Appendix B. Computations of input impedance and VSWR refer- 
enced to normalizing impedances of 50, 300 and 600 ohms are done over perfectly 
conducting ground. 

Data sets which are used for the antenna gain power pattern over perfectly con- 
ducting ground are in Appendix B. Antenna gain radiation patterns were also calculated 
over fair ground conditions using the Sommerfeld method for the elevation and azimuth 
planes. The vertical gain elevation pattern is computed for 91 points of 6 at @ equal 0 
degrees and 91 points of 6 at @ equal 90 degrees. The horizontal gain azimuth pattern 


is computed for 91 points of @ at & equal 70, 50, 30, and 10 degrees respectively. 


Il. PERFORMANCE PARAMETERS OF DOUBLE DELTA ANTENNAS 


As described in the previous chapter, the Double Delta antennas from the US Army 
and the US Air Force, both for lowband and highband, and the ESI 32A2A Broadband 
DD antenna from Electrospace Systems Inc. were modeled on the IBM Computer using 
a special program, the Numerical Electromagnetics Code (NEC). A single precision 
version of NEC was found adequate with respect to accuracy and was used throughout 
the simulation process. This chapter presents the results given by running the data sets 
of Appendix B. 


A. THE ARMY DOUBLE DELTA ANTENNA 
1. Lowband version 

This antenna has unsymmetric arms. The long arms provide effective gain for 
low-frequency use. The unsvmmetric arms of this antenna will force different elevation 
patterns for the two positions, which we label broadside (perpendicular to the long side) 
and boresight. 

a. Input Impedance and VSWR 

This antenna has reasonably flat input impedance within the frequency 

range for normalized impedance equal to 300, or 600 ohms. For 50 ohms the input 
impedance varies excessively. The value of VSWR vanies with frequency, but is accept- 
able at specific frequencies depending on the normalization impedance, 50, 300, or 600 
ohms. Tables 1, 2, and3 show the input impedance and VSWR for the Army Lowband 
DD antenna over perfect ground using normalizing impedances equal to 50, 300, and 


600 ohms, respectively. 


Table 1. IMPEDANCE AND VSWR VS FREQUENCY FOR THE ARMY 
LOWBAND DD ANTENNA OVER PERFECT GROUND 
(NORMALIZED IMPEDANCE = 50 OHMS) 


[336-95 | 227-9 a 
Ts nostro anja a 










Table 2, IMPEDANCE AND VSWR VS FREQUENCY FOR THE ARMY 
LOWBAND DD ANTENNA OVER PERFECT GROUND 
(NORMALIZED IMPEDANCE = 300 OHMS) 
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Table 3. IMPEDANCE AND VSWR VS FREQUENCY FOR THE ARMY 
Impedance (un- 


LOWBAND DD ANTENNA OVER PERFECT GROUND 
(NORMALIZED IMPEDANCE = 600 OHMS) 
Impedance (nor- ; 
179.8 + j9326 | 0.30 + j0.13 
113.6 - j95.8 0.19 - j0.16 


55.16 + j22.86 0.09 + 40.03 10.89 
59.13 + 523.24 0.10 + 50.03 10.16 









411.4 + 3122.8 0.68 + j0.20 
113.06 - j73.94 0.18 - j0.13 
[sf nest + por] ous + jo.t6 


b. Radiaton Patterns 

The radiation patterns are computed for elevation and azimuth planes over 
perfect and fair ground for each frequency within the frequency range. Elevation pat- 
terns are provided both for boresight and broadside. 

Over perfect ground and fair ground, for 2 to 4 MHz, the direction of the 
maximum intensity of radiation is vertical. Above 4 MHz the maximum shifts to an el- 
evation angle less than 90 degrees. But at 8 MHz, the direction of maximum radiation 
reverts back to a 90 degree elevation angle (boresight). For the broadside case, the an- 
tenna radiates toward the vertical. It shows the characteristics of an NVIS (near vertical 
incidence) antenna. Overall attenuation is present in the fair ground pattern shapes 
compared to perfect ground. In general, this antenna at the lowest frequency (2 MHz), 
has a minimum antenna gain greater than -10 dBi. Tables 4 and 5 show the maximum 
gain versus frequency for the Army Lowband DD Antenna, for perfect ground and fair 


ground. 


Table 4. POWER GAIN VS FREQUENCY FOR THE ARMY LOWBAND DD AN- 
TENNA (BORESIGHT) 


Power gain Power gain 
Freq: (Perfect a) dBi Elevation ———— (ea ond) dBi Elevation a 





|. Mie ae 
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Table 5. POWER GAIN VS FREQUENCY FOR THE ARMY LOWBAND DD AN- 


TENNA a 





2. Highband version 


This is a symmetric double delta antenna, modified from the lowband-version 
by shortening the long arm lengths. It is designed for operation during the high fre- 
quency portion of the solar cycle. This antenna provides the same vertical pattern for 
both broadside and endfire (boresight). 

a. Input Impedance and VSWR 

A broadband input impedance is achieved by using a normalized impedance 
equal to the load of 600 ohms. A normalized impedance of 300 ohms provides an ac- 
ceptable VSWR for most frequencies within the frequency range. For 50 or 600 ohms, 


the VSWR is unacceptable over most of the HF band. Tables 6, 7, and 8 show the input 
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impedance and VSWR for the Army Highband DD Antenna using normalized 
impedances equal to 50, 300, and 600 ohms respectively. 


Table 6. IMPEDANCE AND VSWR VS FREQUENCY FOR THE ARMY 


HIGHBAND ANTENNA OVER PERFECT GROUND (NOR- 

MALIZED IMPEDANCE = 50 OHMS) 
mena | Gietanee (nor- 
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Table 7. IMPEDANCE AND VSWR VS FREQUENCY FOR THE ARMY 
HIGHBAND DD ANTENNA OVER PERFECT GROUND 
(NORMALIZED IMPEDANCE = 300 OHMS) 
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Table 8.5 IMPEDANCE AND VSWR VS FREQUENCY FOR THE ARMY 
HIGHBAND DD ANTENNA OVER PERFECT GROUND 
(NORMALIZED IMPEDANCE = 600 OHMS) 


a 
[9393-7 | 0a jonas —i OS 
[0952s | ne jona a 
STIEY 
EI 
SR 1 























2 Pe Po PSS PS 
Ca 


& 


b. Radtation Patterns 


The radiation patterns over perfectly conducting and fair ground (real, lossy 


ground) for this antenna show that the direction of maximum intensity of radiation for 


a frequency range of 8 MHz to 24 MHz occurs at an elevation angle of 90 degrees, even 


though the lobe begins to split into several smaller lobes before 20 MHz. Above 24 


MHz, the direction of maximum intensity of radiation shifts to an angle less than 90 


19 


degrees elevation angle. Tables 9 and 10 show the maximum gain for the Army 
Highband DD Antenna. 


Table 9. POWER GAIN VS FREQUENCY FOR THE ARMY HIGHBAND DD AN- 
TENNA (BORESIGHT) 


Power gain Power gain 
(Perfect end) dBi Elevation on (Ean ea et GB; Elevation dBi 


Ss CX 
[2 | 74d 
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Sa 
a 
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Table 10. POWER GAIN VS FREQUENCY FOR THE ARMY HIGHBAND DD AN- 
TENNA (BROADSIDE) 


Power gain Power gain 
at {Porte art qBi Elevation — (PR ond) 4B; Elevation angle 





B. THE AIR FORCE DOUBLE DELTA ANTENNA 
1. Lowband version 
This antenna is symmetric and has long arms which provide the effective gain 
over the low-frequency range. The antenna consists of two deltas at an angle of 60 de- 
grees to each other. Therefore, it has different patterns for broadside and endfire 


(boresight). 


2| 


a. Input Impedance and VSWR 

The broadband impedance characteristics are achieved by using a normal- 
ized impedance equal to the load of 600 ohms. For a normalized impedance of 300 ohms, 
the input impedance 1s reasonably flat for all frequencies within the frequency range. For 
50 ohms, the input impedance varies substantially. The VSWR is very good for for 300 
and 600 ohm normalized feedpoint impedances. The maximum ts 2.3:] with the average 
being 1.65:1 for 600 ohms, and the maximum value equal to 2.01:1 with an average value 
of 1.6:1 for 300 ohms. For 50 ohms, the VSWR is greater than 5:1 for all frequencies. 
Tables 11, 12, and 13 show the input impedance and VSWR for the Air Force Double 


Delta antenna. 


Table 11. IMPEDANCE AND VSWR VS FREQUENCY FOR THE AIR 
FORCE LOWBAND DD ANTENNA OVER PERFECT 
GROUND (NORMALIZED IMPEDANCE = 50 OHMS) 


[3 i ese7 | rer jus | 73 
























- 






Ja 






Table 12. IMPEDANCE AND VSWR VS FREQUENCY FOR THE AIR 
FORCE LOWBAND DD ANTENNA OVER PERFECT 
GROUND (NORMALIZED IMPEDANCE = 300 OHMS) 
Freq. Impedance (un- Impedance (nor- VSWR 
normalized) malized) 

400 + 4187 1.33 + j0.62 

381 + 58.87 1.27 + 50.03 
493 + j122 1.64 + j0.41 
481 - j201 1.60 - j0.67 
262 - 28.4 0.87 - j0.09 
395 + 4129 132 + j0.42 
oe 
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Table 13. INIPEDANCE AND VSWR VS FREQUENCY FOR THE AIR 
FORCE LOWBAND DD ANTENNA OVER’ PERFECT 
GROUND (NORMALIZED IMPEDANCE = 600 OHMS) 
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b. Radiation Patterns 
For both perfectly conducting.and fair ground conditions, this antenna has 
the major lobe maximum at an elevation angle of 90 degrees from 2 to 7 MHz. At 8 
MHz, the direction of maximum radiation shifts to an angle less than 90 degrees 
(boresight). For broadside azimuth, the direction of maximum radiation 1s vertical for 
all frequencies within the band. Antenna gain for the lowest frequency (2 MHz) 1s very 
small, less than -10 dBi. Tables 14 and 15 show the maximum gain for the Air Force 


Lowband Double Delta Antenna. 


Table 14. POWER GAIN VS FREQUENCY FOR THE AIR FORCE LOWBAND DD 
ANTENNA (BORESIGHT) 
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Table 15. POWER GAIN VS FREQUENCY FOR THE AIR FORCE LOWBAND DD 
ANTENNA (BROADSIDE) 


Power gain ee Power gain ae 
a2 1 a 0 


2 -17.5 






2. Highband version 


This antenna 1s exactly the same as the low-frequency version, except the arms 
are shorter, providing useful gain over the high frequency band. 
a. Input Impedance and VSWR 
This antenna, like its lowband relative, has smooth input impedance for 600 
ohms normalized impedance, acceptable values for 300, ohms and widely variable 
impedances for 50 ohms. The values of VSWR follow the same trend as input 
impedance. The maximum value is 2.33:1 with an average value of 1.6:1 for normalized 
impedance of 300 ohms, 2.51:1 with an average value equal to 1.7:1 for 600 ohms, and 
at 50 ohms values greater than 5:1 for any frequency. Tables 16, 17, and 18 show the 


impedance and VSWR for the Air Force Highband Double Delta antenna. 
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Table 16. INMNIPEDANCE AND VSWR VS FREQUENCY FOR THE AIR 
FORCE HIGHBAND ANTENNA OVER PERFECT GROUND 
(NORMALIZED IMPEDANCE = 50 OHMS) 
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Table 17. IMPEDANCE AND VSWR VS FREQUENCY FOR THE AIR 
FORCE HIGHBAND DD ANTENNA OVER PERFECT 
GROUND (NORMALIZED IMPEDANCE = 300 OHMS) 


ss go7 | m+pa_ [1 
[9 o2-anajon 
7) S80 + 928 





























26 


Table 18. IMPEDANCE AND VSWR VS FREQUENCY FOR THE AIR 
FORCE HIGHBAND DD ANTENNA OVER PERFECT 
GROUND (NORMALIZED IMPEDANCE = 600 OHMS) 
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b. Radiation Patterns 
Zenith-directed radiation occurs from 8 to 13 MHz; above 13 MHz, the el- 
evation angle for maximum radiation drops below 90 degrees (boresight). In the 
broadside case, the 90 degree elevation angle holds for all frequencies (8 to 30 MHz). 
The beam begins to split into several smaller lobes above 25 MHz. Tables 19 and 20 


show the maximum gain for the Air Force Highband Double Delta antenna. 


Table 19. POWER GAIN VS FREQUENCY FOR THE AIR FORCE HIGHBAND DD 


ANTENNA (BORESIGHT) | 
Power gain : 
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Table 20. POWER GAIN VS FREQUENCY FOR THE AIR FORCE HIGHBAND DD 
ANTENNA (BROADSIDE) 


Power gain vat: Power gain shes 
(Perfect end) dBi Elevation angle (Fair end) dBi Elevation angle 
ae af | 





C. THE ESI 32A2A DOUBLE DELTA ANTENNA 

This is a broadband double delta antenna. The configuration and height above 
ground of this antenna were selected to provide maximum radiation near the zenith for 
lowband-frequencies. It has a different pattern for boresight and broadside due to the 


60 degree angle between the two delta loops. 


oy 


a. Input Impedance and VSWR 
The input impedance of this antenna is maximally flat for 600 ohm nor- 
malization. Typical 300 and 50 ohm results occur similar to the other DD antennas. 
The maximum value of VSWR is 2.63:1 with an average value of 1.5:1 for 300 ohms. 
A maximum value of 2.36:1 with an average of 1.7:1 for 600 ohms. For 50 ohms, the 
value of VSWR is greater than 5:1 for all frequencies. Tables 21, 22 and 23 show the 
input impedance and VSWR for the ESI 32A2A Broadband Double Delta antenna. 
b. Radiation Patterns 
For perfect and fair ground conditions, below 7 MHz, the direction of 
maximum radiation is vertical. Above a frequency of 7 MHz, the lobe begins to split into 
smaller lobes, and the angle drops below 90 degrees (boresight). In the broadside case, 
the direction of maximum radiation is vertical from 2 to 19 MHz. At 9 MHz the beam 
begins typical small-lobe formation. Above 19 MHz the elevation angle of the lobe 
drops. For the lowest frequency (2 MHz), the antenna gain is less than -10 dBi. Tables 
24 and 25 show the maximum gain for the ES! 32A2A Broadband Double Delta antenna 


in both perfect and fair ground conditions. 
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Table 21. IMPEDANCE AND VSWR VS FREQUENCY FOR THE ESI 
32A2A BROADBAND DD ANTENNA OVER PERFECT 
GROUND (NORMALIZED IMPEDANCE = 50 OHMS) 


Impedance (un- Impedance (nor- | 
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Table 22. IMPEDANCE AND VSWR VS FREQUENCY FOR THE ESI 
32A2A BROADBAND DD ANTENNA OVER PERFECT 
GROUND (NORMALIZED IMPEDANCE = 300 OHMS) 
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Table 23. IMPEDANCE AND VSWR VS FREQUENCY FOR THE ESI 
32A2A BROADBAND DD ANTENNA OVER PERFECT 
GROUND (NORMALIZED IMPEDANCE = 600 >) 
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Table 24. POWER GAIN VS FREQUENCY FOR THE ESI 32A2A BROADBAND DD 
ANTENNA (BORESIGHT) 


Power gain Power gain 
(Perfect end) dpi | Elevation ——— (Fair aN dBi 
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Table 25. POWER GAIN VS FREQUENCY FOR THE ESI 32A2A BROADBAND DD 
ANTENNA (BROADSIDE) 


Power gain Power gain 
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IV. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

This thesis has presented a numerical analysis of the double delta antennas presently 
used by the US Army, the US Air Force and a commercial model (ESI 32A2A) to obtain 
performance parameters such as input impedance, VSWR, and radiation patterns. 

The results indicate a normalized impedance equal to the terminating load resistance 
for the antennas provide broadband impedance characteristics within the 2 - 30 MHz 
frequency range. The VSWR varies excessively for all frequencies for the Army DD 
antenna, but an acceptable value of VSWR exists for the Air Force and the ESI 32A2A 
DD antennas by using a normalized impedance equal to 300 or 600 ohms. At 2 MHz, 
the gain is less than -10 dBi for the Air Force and the ESI DD antennas, but for the 
Army DD antenna it is greater than -10 dBi. The Army DD antenna provides radiation 
patterns with the direction of maximum radiation vertical at frequencies below 24 MHz. 
However, the radiation actually begins to split into smaller lobes at 20 MHz. Above 24 
MHz, the direction of maximum radiation shifts to an elevation angle less than 90 de- 
grees. The Air Force DD antenna has radiation patterns with the maximum radiation 
occuring at 90 degrees elevation for all frequencies. The radiation begins to split into 
several small lobes at 25 MHz. From 2 to 19 MHz, the ESI 32A2A DD antenna shows 
radiation patterns with the direction of maximum intensity of radiation occuring at 90 
degrees elcvation angle, even though the beam begins to split into a several small lobes 
at 9 MHz. Above 19 MHz, the maximum shifts to an elevation angle less than 90 de- 


crees. 


B. RECOMMENDATIONS 

This thesis has presented an extensive study of double delta antennas to determine 
antenna performance parameters such as input impedance, VSWR and antenna gain 
radiation patterns. 

If computer resources become available and if antenna siting conditions warrant it, 
other ground characteristics can be investigated. Multi-wire elements show broadband 
performance (they approximate low Q “fat” conductors) and might provide improved 
performance in VSWR. If omni-directional azimuthal characteristics are desired, the 


DD model with 60 degree angles between loops could be reconfigured at 90 degrees. 
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APPENDIX A. THE NUMERICAL ELECTROMAGNETICS CODE (NEC) 


A. INTRODUCTION . 

The Numerical Electromagnetics Code (NEC) 1s a user-oriented computer code for 
analysis of the electromagnetic response of antennas and other metal structures. It 1s 
built around the numerical solution of integral equations for the current induced on the 
structure by sources or incident fields. This approach avoids many of the simplifying 
assumptions required by other solution methods and provides a highly accurate and 
versatile tool for electromagnetic analysis. 

The code combines an integral equation for smooth surfaces with one specialized to 
wires to provide for convenient and accurate modeling of a wide range of structures. A 
model may include nonradiating networks and transmission lines connecting parts of the 
Structure, perfect or imperfect conductors, and lumped element loading. A structure 
may also be modeled over a ground plane that mav be either a perfect or imperfect 
conductor. 

The excitation may be either voltage sources on the structure or an incident plane 
wave of linear or elliptic polarization. The output may include induced currents and 
charges, near electric or magnetic fields, and radiated fields. Hence the program 1s suited 
to either antenna analvsis or scattering and EMP studies. 

The integral equation approach is best suited to structures with dimensions up to 
several wavelengths. Although there is no theoretical size limit, the numerical solution 
requires a matrix equation of increasing order as the structure size is increased relative 
to a wavelength. Hence, modeling verv large structures may require more computer time 
and file storage than 1s practical on a particular machine. In such cases standard high- 
frequency approximations such as geometrical optics, physical optics, or geometrical 
theory of diffraction may be more suitable than the integral equation approach used in 
mee (Ref, 31) 


B. STRUCTURE MODELING 

The basic devices for modeling structures with the NEC code are short, straight 
segments for modeling wires and flat patches for modeling surfaces. An antenna and any 
conducting objects in its vicinity that affect its performance must be modeled with 


Strings of segments following the paths of wires and with patches covering surfaces. 
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Proper choice of the segments and patches for a model is the most critical step in ob- 


taining accurate results. 


1. Wire Modeling 


A Wire segment is defined by the coordinates of its two end points and its radius. 


Modeling a wire structure with segments involves both geometrical and electrical factors. 


Geometrically, the segments should follow the paths of conductors as closely as possible, 


using a piece-wise linear fit on curves. The following are the electrical considerations for 


Wire segment modeling : 


LE 


to 


oP, 


The segment length A relative to the wavelength 4 : 
e <A should be less than about 0.1 / in order to get accurate results in most cases. 


¢ Somewhat longer segments may be acceptable on long wires with no abrupt 
changes while shorter segments, 0.05 / or less may be needed in modeling crit- 
ical regions of antenna. 


e A less than 0.001 4 should be avoided since similarity of the constant and cosine 
components of the current expansion can lead to numerical inaccuracy. 


The wire radius, a, relative to / is limited by the approximations used in the kernel 
of the electric field integratial equation. There are two approximation options. the 
thin-wire kernel and an extended thin-wire Kernel. In the thin-wire Kernel, currents 
on the surface are represented by a filament current on the segment axis. In the 
extended thin-wire kernel, a current uniformly distributed around the segment sur- 
face is assumed. The field of this current is approximated by the first two terms in 
a series expansion of the exact field in powers of a’. Higher order approximations 
are not used. The first term in the series, which is independent of a, 1s identical to 
the thin-wire kernel while the second term extends the accuracy for larger values 
of a. Onlv currents 1n the axial direction on a segment are considered. [he accept- 
abilitv of these approximations depends on both the value of a‘/ and the tendency 
of the excitation to produce circumferential current or current variation. Unless 2 
za’A 1s much less than 1, the validity of these approximations should be considered. 


Connected segments must have identical coordinates for the connected ends. NEC 
assumes two end segments are connected if the separation between the end segment 
is less than 0.001 times the length of the shortest segment. 


Segment intersection other than at ends does not allow current to flow from one 
segment to another. 


Large radius changes in the wire should be avoided particularly if it consists of 
short segments. If the segment has large radius, then sharp bends should be avoided 
as Well. 


When modeling a solid structure with wire grid, a large number of segments should 
be usea 


A segment is needed at the point where a network connection, a voltage, or a 
Current source is located. 


Base-fed wires connected to ground should be vertical. 
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9. The segments on either side of the citation source should be parallel and have the 
same length and radii. 


10. Parallel wires should be several radii apart. 


11. Before modeling a structure on the NPS main-frame, the limit of the number of 
segments and the number of connection points should be checked in the log of di- 
mension changes by inspecting the code for the particular version of NEC from the 
Fortran library. 

2. Modeling Stuctures Over Ground 

Several options are available in NEC for modeling an antenna over a ground 
plane. For a perfectly conducting ground, the code generates an image of the structure 
reflected in-the ground surface. The image is exactly equivalent to a perfectly conducting 
ground and results in solution accuracy comparable to that for a free space model. 
Structures may be close to the ground or contacting it in this case. 

A finitely conducting ground may be modeled by an image modified by using 
the Sommerfeld method (available for wires only). The interpolation table must be 
generated by running a separate program SOMNTX using an input file of type SDATA 
containing ground parameters and frequency prior to the NEC run. 

Both perfectly conducting and finitely conducting ground have the same height 
restriction for horizontal wires above the ground. For the horizontal wire with radius 
a, and height h. (h? + a’)!? should be greater than about 10-° wavelengths. Futhermore, 
the height should be at least several times the radius for the thin-wire approximation to 
be valid. 
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APPENDIX B. INPUT DATA SETS USED FOR THE COMPUTER 
MODELS 


1. The following data set was used to obtain antenna gain power patterns for the 
ARMY (lowband) DD antennas over perfect ground at 2 MHz. The antenna gain is 
calculated for each frequency from 2 to 8 MHz. The antenna gain radiation pattern over 
the real ground (fair ground) conditions was computed using the Sommerfeld method. 


The GN card for fair ground conditions is : 


GN2, One 0.12500 005 


cM THE ARMY SIGNAL CORPS LO FREQ DOUBLE DELTA 

CM 

CM FROM TM 11-486-6 

cM 

CE 

GW1., 45,0) OmmCrm Ss (Mm OMmEOIEnEC LONG HORIZ. WIRE 

GW2, SO, 0290) 655) 150n or Ones LONG SLANT WIRE 

GW3, 20505 05 0. 0) 65-mGmems SHORT HORIZ. WIRE 

GWE, 3000 0 nS.) commas SHORT SLANT WIRE 

GNO, 0. ©) OhuCh = 7) (7c Colma 

Gro ROTATE FOR 2 OTHER LEGS/SYMMETERY 
GS1 SCALING 

epi SYMMETRY FLAG/GND PLANE 
GN1 PERFECT GROUND 

PROM 0 sO mmeS FREQUENCY 2 MHZ 

WG WRITE GREEN FUNCTION 

NX NEXT STRUCTURE 

CE 

GF GREEN FUNCTION OPTION 
GW66,. ly o7y< 7 eee LOAD WIRE 

GW7 7 fille 7 ose OC a OC ee FEED WIRE 

GS1 SCLALING 

GE1 SYMETRIC FLAG/GND PLANE 
LDO, 77, 1, 1, 600 LOAD 600 OHM 

EXO, 66, 1, 0, 1 EXCITATION 

me. 1, O. & VERT, HORZ AND TOTAL GAIN 
RPO, 91, 1, 1500, —90, 0, 1. 6 PHI AT O VARY OF THETA 
ie i, ©. & VERT, HORZ AND TOTAL GAIN 
RPO, 91, 1, 1500, -90, 90, 1, 0 PHI AT 90 VARY OF THETA 
sis, i. ©, & VERT, HORZ AND TOTAL GAIN 
RPO, 1, 91, 1500, 70, 0, 0, 1 THETA AT 70 VARY OF PHI 
os, il, O., @ VERT, HORZ AND TOTAL GAIN 
RPO, 1, 91, 1500, 50, 0, 0, 1 THETA AT 50 VARY OF PHI 
ee il, Oe VERT, HORZ AND TOTAL GAIN 
Paeeele oe . US, 80. bi, Ci Wl THETA AT 30 VARY OF PHI 
PLS oe VERT, HORZ AND TOTAL GAIN 
REO, 1s oS U0 melOn mC aoe THETA AT 10 VARY OF PHI 
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2. The following data set was used to obtain antenna gain power patterns for the 
ARMY (highband) DD Antenna over perfect ground at 8 MHZ. The antenna gain is 
calculated for each frequency from 8 to 30 MHz. Computation over fair ground condi- 
tions uses the GN card as described on the first data set. 


CM THE ARMY SIGNAL CORPS HI DOUBLE DELTA 

CM FROM TM 11-486-6 

CE 

Eyl, 20, 0, 0, 0, 65, 0, 0, .3 HORIZONTAL WIRE 

ey, 30, 0, 0, 65, 65, 0, 0, .3 SLANT WIRE 

GMO, 0, 0, 0, 0, 0, 0, 3, 001.00 RAISE IT UP 3 FEET OFF THE GROUND 
GRO, 4 ROTATE FOR 3 OTHER LEGS/SYMMETERY 
Gsl SCALING 

GEl SYMMETRY FLAG/GND PLANE 

GN1 PERFECT GROUND 

FRO, 0, 0, 0, 8 FREQUENCY 

Bee, i, 1, 0, 1 EXCITATION 

Poe i, 21, 0, 1 EXCITATION 

EXO, 1, 41, 0, <1 EXCITATION 

Bem, 1, 61, 0, -1 . EXCITATION 

noe. 2, 1, 1, 600 LOAD A SYMMETRIC SECTION 600 OHM 
PL3, 1, 0, 4 VERT, HORZ AND TOTAL GAIN 

RPO, 91, 1, 1500, -90, 0, 1, 0 PHI AT O VARY OF THETA 

reer 1) 0, 4 VERT, HORZ AND TOTAL GAIN 

RPO, 91, 1, 1500, -90, 90, 1, 0 PHI AT 90 VARY OF THETA 

Pie, 1, 0. 4 VERT, HORZ AND TOTAL GAIN 

Reem 991. 500, 70:0, 0, 1 THETA AT 70 VARY OF PHI 

peo 1, 0, & VERT, HORZ AND TOTAL GAIN 
reepe, 91, 1500, 50, 0, 0, 1 THETA AT 50 VARY OF PHI 

reo. 1, 0, 4 VERT, HORZ AND TOTAL GAIN 

RPO, 1, 91, 1500, 30, 0, 0, 1 THETA AT 30 VARY OF PHI 

ie wl 0, & VERT, HORZ AND TOTAL GAIN 

ReGne 891. 1500. 10, 0, 0, 1 THETA AT 10 VARY OF PHI 

XQ 

EN 


3. The following data set was used to obtain antenna gain power patterns for the 
LSAF (lowband) DD Antenna over perfect ground at 2 MHz. The antenna gain 1s 
computed for each frequency from 2 to 8 MHz. Computation over fair ground condi- 


tions uses the GN card as described on the first data set. 


CM THE AIR FORCE LO FREQ DOUBLE DELTA ANTENNA 


CM FROM AFCS MEMO OF 08 APRIL 79 

CE 

GW1, 30, 0, 0, 0, 100, 0, 0, .01  #HORIZ. WIRE 

GW, 35 oe Owmss. 160, 0, 0, 1.61 SLANT WIRE 

GMO, 0, 0, 0, 0, 0, 0, 5, 001.003 RAISE IT UP 5 FEET OFF THE GROUND 
GMO, 0, 0, 0, 30, 0, 0, 0, 001.003 ROTATE FM XZ-PLANE TO POSITION 
ExO, 110 REFLECT IN X & Y FOR REST OF IT 


4] 


GS1 SCALING 


GE1 SYMMETRY FLAG/GND PLANE 

GN1 PERFECT GROUND 

FRO, OO mmOmeec FREQUENCY 

mac, i, i. ©, il EXCITATION 

EXO, 1, 31, 0, -1 EXCITATION 

EXO. sbyeols Oe! EXCITATION 

EXO. Eel. 0 ed EXCITATION 

EDO oe ee e600 LOAD A SYMM. SECTION 600 OHM 
PL3, 1, 0, 4 VERT, HORZ AND TOTAL GAIN 
RPO, 91, 1, 1500, -90, 0, 1, 0 PHI AT O AND VARY OF THETA 
ne, 1, OF VERT, HORZ AND TOTAL GAIN 
RPO, 91, 1, 1500, -90, 90, 1, 0 PHI AT 90 AND VARY OF THETA 
ig i, OVA VERT, HORZ AND TOTAL GAIN 
RPO, 1, 91, 1500. 70, OC qnOmeel THETA AT 70 AND VARY OF PHI 
PL3, 1, 0, 4 VERT, HORZ AND TOTAL GAIN 
REO, 1,991, 1500.950. O mone THETA AT 50 AND VARY OF PHI 
wikely le Cy ZA VERT, HORZ AND TOTAL GAIN 
REO, 1, Sie) 1500scGe On OemE THETA AT 30 AND VARY OF PHI 
PLS, i. Geme VERT, HORZ AND TOTAL GAIN 
RPO, 1, 90, 1500.10. Cancel THETA AT 10 AND VARY OF PHI 
XQ 

EN 


4. The following data set was used to obtain antenna gain power patterns for the 
USAF (highband) DD Antenna over perfect ground at § MHz. The antenna gain 1s 
computed for each frequency from 8 to 30 MHz. Computation over fair ground condi- 


tlons uses the GN card as described on the first data set. 


CM THE AIR FORCE HI FREQ DOUBLE DELTA ANTENNA 


cM FROM AFCS MEMO OF 08 APRIL 79 

CE 

GW1, 15.70 04°00) 5 0.00 someon HORIZ. WIRE 

GW2, 18, 0, 0, 36, 50, ODO SLANT WIRE 

GMO, 0, 0, 0, 0, 0, 0, 5, 001.003 RAISE IT UP 5 FEET OFF THE GROUND 
GMO, 0, 0, 0, 30, 0, 0, 0, 001.003 ROTATE FM XZ-PLANE TO POSITION 
Ex0, 110 REFLECT IN X & Y FOR REST OF IT 
Gs1 SCALING 

GEl SYMMETRY FLAG/GND PLANE 

GN1 PERFECT GROUND 

ERO} OMmOn Ore FREQUENCY 

De i ds Ct EXCITATION 

EXO, 1, 16, 0, -1 EXCITATION 

PO Ik, Sl. We dl EXCITATION 

mee i Se Oe EXCITATION 

eG. By Sl, il. Bye LOAD A SYMM. SECTION 600 OHM 
sien (0), WA VERT, HORZ AND TOTAL GAIN 

RPO, 91, 1, 1500, -90, 0, 1, 0 PHI AT O AND VARY OF THETA 
oie. i. 0, & VERT, HORZ AND TOTAL GAIN 

RPO, 91, 1, 1500, -90, 90, 1, 0 PHI AT 90 AND VARY OF THETA 
PL3, 1, 0, 4 VERT, HORZ AND TOTAL GAIN 

RPGw0 1 ols 91500) 700 0 Ome THETA AT 0 AND VARY OF PHI 
PS. sons VERT, HORZ AND TOTAL GAIN 

RPO, 1 one 1sigem 50smO. 0 al THETA AT 50 AND VARY OF PHI 


moe i, 0, 4 VERT, HORZ AND TOTAL GAIN 
RPO, 1, 91, 1500, 30, 0, 0, 1 THETA AT 30 AND VARY OF PHI 
PL3, 1, 0, 4 VERT, HORZ AND TOTAL GAIN 
RPO, 1, 91, 1500, 10, 0, 0, 1 THETA AT 10 AND VARY OF PHI 
XQ 

EN 


5. The following data set was used to obtain antenna gain power patterns for the 
ESI 32A2A DD Antenna over perfect ground at 2 MHz. The antenna gain is computed 
for each frequency from 2 to 30 MHz. Computation over fair ground conditions uses 
the GN card as described on the first data set. 


CM THE ESI 32A2A DOUBLE DELTA ANTENNA 
CM 6 = 32 HUZZ MODEL 
CE 


GW1, 25, 0, 0, 9.71, 74.695, 0, 1.65, .01 LOWER HORIZONTAL WIRE 
GW2, 3, 74.695, 0, 1.65, 79.346, 0, 9, .01 OUTER VERTICAL SHUNT WIRE 
Bye 35.0. 0, 76.54, 791346, 0, 9, .01 SLANT WIRE 


eo,0, 0, 0, 30, 0, 0, 0, 001.004 ROTATE FM XZ-PLANE TO POSITION 
GMO, 1, 0, 0, -60, 0, 0, 0, 001.004 CREATE SECOND LEG OF FRONT HALF 
GRIO, 2 CREATE THE BACK HALF 

GS1 SCALING 

GEl SET SYMM/GND FLAG 

GN1 PERFECT GROUND 

eo, 0, 0, 0, 2 FREQUENCY 

Ho, 1, 1, 0, 1 EXCITATION 

PO, i, 26, 0, -1 EXCITATION 

EXO, 11, 1, 0, -1 EXCITATION 

Pee il, 26, 0, 1 EXCITATION 

Enos tl. 600 LOAD THE TOP SEGMENTS 600 OHM 


Hoo, 13, 1, 1, 600 


Pie 1. 0, 4 VERT, HORZ AND TOTAL GAIN 
RPO, 91, 1, 1500, -90, 0, 1, 0 PHI AT O AND VARY OF THETA 
PL3, 1, 0, 4 VERT, HORZ AND TOTAL GAIN 
RPO, 91, 1, 1500, -90, 90, 1, 0 PHI AT 90 AND VARY OF THETA 
pee, i. Oy 4 VERT, HORZ AND TOTAL GAIN 
feo, 1, 91, 1500, 70, 0, 0, 1 THETA AT 70 AND VARY OF PHI 
PL3, 1, 0, 4 VERT, HORZ AND TOTAL GAIN 
ReOhe 1, 91, 1500, 50, 0, 0, 1 THETA AT 50 AND VARY OF PHI 
mrs. 1, 0, 4 VERT, HORZ AND TOTAL GAIN 
one. Sie d500. 30. 0, 0, 1 THETA AT 30 AND VARY OF PHI 
PL3, 1, 0, 4 VERT, HORZ AND TOTAL GAIN 
EeOre, 91. 1500, 10, 0, 0, 1 THETA AT 10 AND VARY OF PHI 
XQ 

EN 


6. The following data set was used to calculate impedance and VSWR for the 
ARMY (highband) DD antenna from 8 - 30 MHz over perfect ground using a normal- 
ized impedance of 50 ohms. To calculate input impedance using 300 and 600 ohms, 


change the value of normalized impedance in the EX card accordingly. 
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CM THE ARMY SIGNAL CORPS HI FREQ DOUBLE DELTA 


CM FROM TM 11-486-6 
CE 

GW1, 20, 0. Of 0) 65, 00 amc HORIZONTAL WIRE 

GW2, 30, 0, 0, 65, 65, 0, 0, .3 SLANT WIRE 

GMO, 0, 0, 0, 0, 0, 0, 3, 001.003 RAISE IT UP 3 FEET OFF THE GROUND 
GRO, 4 ROTATE FOR 3 OTHER LEGS/SYMMETERY 
asi SCALING 

GEl SYMMETRY FLAG/GND PLANE 

GN1 PERFECT GROUND 

mi, 82. O, O, Beal FREQUENCY 8 TO 30 MHZ 

LDO, 2, 1, 1, 600 LOAD A SYMMETRIC SECTION 600 OHM 
Col, Ol, i, O, SC EXCITATIONS, 

ly Dil, Gilaede 0. SO NORMALIZED IMPEDANCE 50 OHM 

EXO, 1,4, 01, -1, Onmso 

EXO, 1, 61, 01, -1, 0, 50 

PL4 IMPEDANCE, VSWR 

XQ 

EN 


7. The following data set was used to calculate impedance and VSWR for the USAF 
(lowband) DD antenna from 2 - § MHz over perfect ground using a normalized 


impedance of 50 ohms. 


CM THE AIR FORCE LO FREQ DOUBLE DELTA 

CM FROM AFCS MEMO OF 08 APR 79 

CE 

GW1, 30,0, O.-0 slo cemCMOnneO HORIZ. WIRE 

GW2, 35, 0, 0, 33unavOmmOmnOn © od SLANT WIRE 

GMO, 0, 0, 0, 0, 0, 0, 5, 001.003 RAISE IT UP 5 FEET OFF THE GROUND 
GMO, 0, 0, 0, 30, 0, 0, 0, 001.003 ROTATE FM XZ-PLANE TO POSITION 
NWO, ale REFLECT IN X & Y FOR REST OF IT 
Goi SCALING 

GEl SYMMETRY FLAG/GND PLANE 

GN1 PERFECT GROUND 

FRGe 7 OG) aoe FREQUENCY 2 TO 8 MHZ 

LDO, 2, 1, 1, 600 LOAD A SYMM. SECTION 600 OHM 
EXON], Od" 1510850 EXCITATIONS, 

Ex 1, 3h Cle 1, 0,'50 NORMALIZED IMPEDANCE 50 OHM 
EXO, 1, 61, 01, 1, 0, 50 

eo, ily iL. Oa, oi, O50 

PL4 IMPEDANCE, VSWR 

XQ 

EN 


8. The following data set was used to calculate impedance and VSWR for the USAF 
(highband) DD antenna from 8 - 30 MHz over perfect ground using a normalized 
impedance of 50 ohms. 


CM THE AIK FORCE HI FREQ DOUBLE DELTA 

CM FROM AFCS MEMO OF 08 APR 79 

CE 

GW S405 Oy Ono Oem Ol O) men On HORIZ. WIRE 
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Gils. 0, 0, 33, 50, 0, 0, 01 SLANT WIRE 

GMO, 0, 0, 0, 0, 0, 0, 5, 001.003 RAISE IT UP 5S FEET OFF THE GROUND 
GMO, 0, 0, 0, 30, 0, 0, 0, 001.003 ROTATE FM XZ-PLANE TO POSITION 
ee. 110 REFLECT IN X & Y FOR REST OF IT 
GS1 SCALING 

GE1 SYMMETRY FLAG/GND PLANE 

GN1 PERFECT GROUND : 

FRO, 23, 0, 0, 8, 1 FREQUENCY 8 TO 30 MHZ 

Pe. 2. ie 1. 600 LOAD A SYMM. SECTION 600 OHM 
Boel. ol, 1, 0, 50 EXCITATIONS, 

EXO, 1, 16, 01, -1, 0, 50 NORMALIZED IMPEDANCE 50 OHM 
Beene), 31, 01, 1, 0, 50 

EXO, 1, Goneol, -1, 0, 50 

PL4 IMPEDANCE, VSWR 

XQ 

EN 


9. The following data set was used to calculate impedance and VSWR for the ESI 


32A2A DD atenna from 2 - 30 MHz over perfect ground using a normalized impedance 


of 50 ohms. 

CM THE ESI 32A2A DOUBLE DELTA ANTENNA 
CM 8 - 32 MUZZ MODEL 

CE 


GW1, 25, 0, 0, 9.71, 74.695, 0, 1.65, .01 LOWER HORIZONTAL WIRE 
GW2, 3, 74.695, 0, 1.65, 79.346, 0, 9, .01 OUTER VERTICAL SHUNT WIRE 
ie 9355 0,0, 76.54, 796346, 0, 9, . 01 SLANT WIRE 


eioeso. 0. 08 30,0, 0. 0, 001.004 ROTATE FM XZ-PLANE TO POSITION 
G70. 1, 6, 0, -60, 0, 0, 9, 001.004 CREATE SECOND LEG OF FRONT HALF 
GrR10, 2 CREATE THE BACK HALF 

eal SCALING 

GE1 SET SYMM/GND FLAG 

GN1 PERFECT GROUND 

meee 29, 0-808 2, 1 FREQUENCY 2 TO 30 MHZ 

pret 1, O1, 1, 0, SO EXCITATIONS, 

Peel. .26, 01, -1, 0, 50 NORMALIZED IMPEDANCE 50 OHM 


Poneii. i. O61, =1. 0, SO 

Peni, 26, 01, 1, 0, 50 

LDO, 3, 1, 1, 600 LOAD THE TOP SEGMENTS 600 OHM 
LDO, 3, 36, 36, 600 

LDO, 13, 1, 1, 600 

LDO, 13, 36, 36, 600 

PL4 IMPEDANCE, VSWR 

XQ 

EN 


Ca 
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